is of the opinion that Pupilla loessica has been found recently in Central Asia. The aim of this study is to provide some initial, concrete contributions to the discussion of this subject. It should be understood as a basis for further investigations. During recent visits on site between 1995 and 2006 in Central Asia in the Russian Altay, in Northern Mongolia, in the Baikal region and in the Tien Shan, numerous recent malacocenoses were examined. In many places evidence was found of a form of Pupilla which had not previously been described from this region; its shell morphology cannot be distinguished from Pupilla loessica.
Introduction
The interpretation of fossil terrestrial gastropod faunas constitutes a suitable tool for paleo-ecological reconstructions in the Quaternary. The prerequisite for reconstructing ecological parameters of fossil systems is knowledge about the history of the distribution and the ecological requirements of each species or fauna community (LOŽEK 1964 , MANIA 1973 , ALEXAND-ROWICZ 1987 , F#KÖH, KROLOPP & SÜMEGI 1995 , FRANK 2006 . As far as the interglacial gastropod faunas of central Europe are concerned, the equivalent recent faunas are generally quite well known. Temperate pleistocene fauna communities are characterised -like the corresponding fl ora -in similar ways by exotic (southern, southeast European and Pontic) components (LOŽEK 1964 , MANIA 1973 , MANIA & MAI 2001 .
For the glacial (e.g. Weichselian) associations, however, the corresponding recent equivalents in Europe are missing. According to LOŽEK (1999) , studies of glacial terrestrial gastropods to date show that the analogies with the glacial ecosystems of Central Europe should not be sought in the Arctic or sub-Arctic biomes of Europe or Northern Eurasia but are to be expected, or are indeed present, in the continental regions of Central Asia. It is also signifi cant that certain glacial index species of molluscs were initially found in the Quaternary of Central Europe and only later recently in Central Asia. Vallonia tenuilabris (A. BRAUN 1843) was described for the fi rst time in the loess of Wiesbaden (Germany). It is only in the past few decades that its recent occurrence in Central Asia has been recognised. This species ranges from the Central Asian highlands (Altay, Tien Fig. 1 : Localities with Pupilla cf. loessica in Central Asia (see Table 1 ).
Abb. 1: Vorkommen mit Pupilla cf. loessica in Zentralasien (s. Tab. 1).
Shan, Pamir and Himalayas), Northern Mongolia and the Baikal region into Northern Asia (SCHILEYKO 1984 , UVALIEVA 1990 , MENG 1995 , GERBER 1996 . Vertigo pseudosubstriata LOŽEK 1954 was fi rst identifi ed in the Weichselian loess of Dolni V$stonice (Moravia, Czech Republic). Further Pleistocene evidence followed in Central Europe (KROLOPP 1958 , MENG 1995 , BIBUS et al. 1996 . The fi rst indications of recent occurrences of the species in the Tien Shan were submitted by MAT%KIN (LOŽEK 1964) . UVA-LIEVA (1967) discovered the species anew in the Southern Altay and initially described it as Vertigo laevis (synonym). In recent times to date, this species has been found in the Tien Shan, Altay, Pamir and Himalayas where it is relatively widespread in their alpine altitudes (SCHILEYKO 1984 , UVALIEVA 1990 , MENG 1995 . Vertigo parcedentata (A. BRAUN 1847), like Vallonia tenuilabris, was fi rst described in the loess of Wiesbaden (BRAUN 1847). Until recently, this species was believed to be extinct. Quite surprisingly, it was found alive in the Dovrefjell, Norway (POKRYSZKO 1993) . MENG (2008 a) found evidence of the occurrence of V. parcedentata in the Altay and Tien Shan. The material has been photographed for the fi rst time and compared with fossil material from Central Germany. POKRYSZKO & HORCÁK (2007) also found evidence of the recent occurrence of this species in the Altay region. PREECE, WHITE & SHCHETNIKOV (2007) additionally have the fi rst Holocene fi ndings from the Baikal region. Parallels on this issue have also been provided by Pisidium stewarti PRESTON 1909. This mussel, which is known in Europe as a decidedly Pleistocene glacial species, has also been identifi ed as recent in the Central Asian high mountainous massifs of Tien Shan, Pamir and the Himalaya (KUIPER 1962 , LOŽEK 1964 , MENG 1995 , KANTOR & SYSOEV 2005 , BÖSSNECK & MENG 2006 (SCHILEYKO 1984 , UVALIEVA 1990 , MOISSEEVA 1996 , MENG 2008a . The glacial fauna of the Central European region also differs considerably from the present day sub-arctic or alpine gastropod associations by the characteristic occurrence of a series of species in steppe. These also include the xerothermic genus Pupilla triplicata (STUDER 1820) which is also found in the high mountainous habitats of Central Asia (SCHILEYKO 1984 , LOŽEK 1999 , MENG 2008b . Pupilla loessica was fi rst described by LOŽEK (1954) from late Pleistocene loess from P&edmosti near P&erov (Moravia, Czech Republic). At an early date (1986), LOŽEK supported the view that Pupilla loessica was alive at the present time in Central Asia. However, no further concrete investigations of this were conducted. The shells of Pupilla loessica are about 3 mm high, thin, cylindrical-ovate and have a rounded conical apex. The approximately 5 strongly curved whorls gradually increase in height and are fi nely and irregularly ribbed. The short elliptical aperture has no denticles, no palatal callus and is only slightly broadened. The crest is at most indicated by a weak band. The species differs from Pupilla muscorum (LINNAEUS 1758) by its smaller size, the strongly rounded and ribbed whorls and the lack of denticles and crest ( Fig. 3-7 ). For the Pleistocene in Central and Eastern Europe and also in parts of NW Europe, Pupilla loessica constitutes a signifi cant glacial index species (LOŽEK 1964 , MANIA 1973 , ALEXAND-ROWICZ 1988 , 1989 , MENG 1995 , 1998 , F#KÖH, KROLOPP & SÜMEGI 1995 , KROLOPP 2003 , DMI-TRUK 2004 , SÜMEGI & KROLOPP 2006 . It was widespread above all in the middle and late Pleistocene but individual specimens had also Novisuccinea altaica (MARTENS 1871) LOŽEK 1954  750  3  2  10  29  95  11  33  28 In addition to the types listed, at many sites in Central Asia during recent investigations between 1995-2006 evidence was found of a specimen so far undescribed in this region which is indistinguishable from Pupilla loessica in its shell morphology.
Material and Methods
In connection with private visits and sponsored projects, it has been possible to investigate nu-Pupilla loessica LOŽEK 1954 (Gastropoda: Pulmonata: Pupillidae) merous recent malacocenoses in Central Asia; about 150 specimens collected in the Russian Altay (1997, 2006) , 20 specimens from Northern Mongolia (2001) , about 20 specimens from the Baikal region, Russia (1997) and more than 130 specimens from Tien Shan, Kyrgyzstan (1995 Kyrgyzstan ( , 1998 Kyrgyzstan ( , 1999 Kyrgyzstan ( , 2005 . The distribution and composition of the fauna communities studied including the potential Pupilla loessica (Pupilla cf. loessica) were documented (Table 1 -2, Fig. 1-2) . The extensive section of Figures (3-7) Pupilla loessica LOŽEK 1954 (Gastropoda: Pulmonata: Pupillidae) occurred most frequently in the Khrebet Saylyugem (Table 1. [1] [2] [3] [4] [5] . Therefore these fi ndings have been examined in greater detail ( Table 2 ). The area investigated in the Khrebet Saylyugem lies at a height of 2200-2600 m NN. The closest known meteorological station is the Kosh Agach Station (www.globalclimatics.org -Climate Diagrams, http://meteo.infospace. ru), 50°01'/ 88°44' and 1750 m a.s.l. The average annual temperature recorded amounts to -6.7°C (January -32°C, July 13°C) and the annual rainfall amounts to about 110-150 mm on average. In the Khrebet Saylyugem region where we worked, however, as the height increases with corresponding exposure one can assume considerably higher rainfall.
Pupilla cf. loessica is found in various different habitats in the Khrebet Saylyugem. These habitats range from stony steppe via open woodland with Larix sibirica, shrubland, mesophilic meadows to humid high altitude meadows with Carex sp. and Dryas oxyodonta (alpine tundra). It is striking that in the Khrebet Saylyugem, despite the numerous specimens of Pupilla cf. loessica collected, the number of accompanying species identifi ed was relatively small ( (LOŽEK 1964 , MA-NIA 1973 , MENG 1995 . Apart from the shell morphology criteria, the ecological conditions would also seem to indicate that the recent form found may correspond to the Pleistocene Pupilla loessica. The cylindrical, ovate, thin-walled shells are usually a strong brown colour when fresh. The fi ne ribs evidence very low, fragile rims which are not always visible. On weathered shells the fi ne ribs are still visible although less pronounced, as on the shells of the Pleistocene Pupilla loessica. The height of the shells of this recent form from the Altay amounts to c. 2.5-3.3 mm and the width of the shells is c. 1.6-1.8 mm, thus also corresponding to the variations of the fossil forms ( Fig. 3, 4 ). There were also a few larger ribbed forms and their shells were more bulbous or more cylindrical. It is not yet clear to what extent these specimens can be distinguished from Pupilla cf. loessica. Evidence was found by the authors of Pupilla muscorum in the Altay with data so far from the Aygulakiy Khrebet and Severo Chujskiy Khrebet. However, Pupilla muscorum occurs very frequently in the Tien Shan area. This species was also found in Northern Mongolia and the Baikal region (Fig. 7) . Table 1 , 6-7) . The fi rst site was directly on the shore of the Khövsgöl Nuur on a shore plateau with a sparse scattering of Larix sibirica and mesophilic to humid meadows. Pupilla cf. loessica was accompanied by Vallonia tenuilabris and Pupilla muscorum. In neighbouring more humid shore areas Vertigo genesii and Columella columella were also found. The second site of the fi ndings was in a stony steppe habitat and the accompanying species were Vallonia tenuilabris and Vallonia kamtschatica. Whereas the Pupilla cf. loessica from the lake shore had somewhat more ovate, bulbous shells, those from the steppe slopes were somewhat more cylindrical (Fig. 5) . The meteorological station of Khatgal (1670 m a.s.l.) in the immediate neighbourhood registered an average annual temperature of -4.9°C (January -23.2°C, July 11.6°C) and an annual rainfall of 292 mm which indicates the continental nature of the area. The climatic data for Northern Mongolia together with the fauna and zoo-geographical relationships also reveal interesting parallels to the conditions in the Central European glacial habitats. 9-11, Fig. 6 ). The specimens came from high altitude habitats around 3000 m a.s.l. or considerably higher. The habitats in the areas of the central Tien Shan where fi ndings were made, Khrebet Sary Dzash, and in the inner Tien Shan, Khrebet Terskey Alatau, as well as the area around the Song Köl lake, are normally more humid alpine meadows, some of them with abundant herbage or with Carex sp. The signifi cant species adapted to the cold which were found here were again e.g. Columella columella, Vallonia tenuilabris, Vertigo genesii and Vertigo parcedentata. But, compared with the Altay region, these fauna evidenced a greater variety overall, including e.g. Novisuccinea altaica, Vertigo alpestris, Pupilla muscorum, Pupilla turcmenica, Vallonia cf. ladacensis, etc. (MENG 2008a) . The climate in the Tien Shan has a strong exposure effect as a result of radiation and more humid northern slopes. Although Central and Inner Tien Shan are generally considered arid, in the course of the differences in exposure and the variations of altitudes on the mountain slopes in the alpine region, humid conditions are sometimes found. The annual rainfall in the Khrebet Terskey Alatau can amount to as much as 900 mm (GOTTSCHLING 2002) . In the Northern Tien Shan it can considerably exceed 1000 mm. In the part of the Khrebet Sary Dzash studied, the annual rainfall amounts to 300-400 mm (Atlas Kirgizskoy SSR, 1987) . The annual 0°C isotherm in the Northern Tien Shan is found at about 2900 m a.s.l. At heights in excess of 3000 m a.s.l., the average annual temperature is considerably below 0°C (BOLCH 2005) . It is problematic that the Tien Shan is the main distribution area of Pupilla turcmenica because a clear differentiation of the shell morphology of this species from Pupilla cf. loessica is probably not always one hundred percent possible ( Fig.  6.4) . Nevertheless, the shells of Pupilla turcmen-ica are narrower and more cylindrical. The form of the aperture is also more strongly developed. The edge of the aperture is markedly thickened and a parietal denticle is also often present. The crest is more pronounced (SCHILEYKO 1984) .
Discussion
Despite the opinion expressed and published by LOŽEK (1986) that Pupilla loessica is a recent occurrence in Central Asia, a discussion of this question has never been started. The aim of this study is to change the situation and to make some initial contributions to the discussion. The study should be understood as a basis for further investigations. The arguments in favour of the occurrence of Pupilla loessica in Central Asia, apart from the shell morphology criteria, are the preference for more strongly continental habitats with average annual temperatures markedly below 0°C and the corresponding accompanying fauna adapted to the cold, e.g. Columella columella, Vertigo genesii, Vallonia tenuilabris, etc., which make these fauna clearly comparable to the Pleistocene glacial associations of the Central European region. POKRYSZKO & HORCÁK (2007 -World Congress of Malacology, Antwerp) mention Pupilla alabiella from the Altay (SCHILEYKO 1984) . This species also shows greater morphological similarities compared with Pupilla loessica (cf. SCHIL- EYKO 1984) . From the zoo-geographical point of view, however, there are major doubts about the occurrence of this species in the Altay because Pupilla alabiella has only been found thus far on the islands of Verchovkiy and Dva Brata in the bay of Peter the Great in the Far East, Primorskiy Kray (SCHILEYKO 1984 , KANTOR & SYSOEV 2005 . In addition, Pupilla cf. loessica is concentrated mainly in the strongly continental South East of the Altay and appears to be lacking in the maritime Western Altay (Table 1, 2, Fig. 1 ). Furthermore, the question is also unanswered why Pupilla alabiella is not more widespread in the Primorskiy Kray (Red Book, Primorskiy Kray, GULBIN & PROZOROVA 2002) . However, should it be established that Pupilla alabiella and Pupilla STEFAN MENG & MATTHIAS H. HOFFMANN loessica are synonyms, then precedence should be given to the Pupilla loessica species according to the principle of priority. Our study adds another piece to the puzzle of Pleistocene animal communities and their usage for climatic reconstructions. Recent analogues of the glacial environmental conditions and the species living in them may indeed be sought in the mountains of Central Asia.
